Abstract. Fama and French (1992) show that size and book-to-price dominate CAPM beta and other variables such as the price-earnings ratio and dividend yield in explaining the cross-section of US stock returns. Comparable evidence for the UK points to a book-to-price effect, but not a size effect (Chan and Chui, 1996; Strong and Xu, 1997) . In this paper, our first contribution is to show that a measure of research and development (RD) helps explain cross-sectional variation in UK stock returns. Our cross-sectional results on the association between stock returns and RD are consistent with recent US evidence reported by Sougiannis (1996, 1999) and Chan, Lakonishok and Sougiannis (2001) . Fama and French (1993 , 1995 also show that a three-factor model captures a high proportion of the time series variation in portfolio returns, again for the US. Our second contribution is to show, for the UK, that a modification to the three-factor model to take account of RD activity can significantly enhance the explanatory power of the three-factor model. We show that, as a practical matter, estimated risk premia based on the modified three-factor model can differ considerably from risk premia estimated using the CAPM or the three-factor model. In particular, risk premia for industries in which few firms undertake RD activities tend to be over-estimated.
Introduction
In this paper we build on recent US-based evidence suggesting that the relation between stock returns and the book-to-market ratio (BM) is associated with offbalance sheet research and development (RD) capital Sougiannis, 1996, 1999; Chan, Lakonishok and Sougiannis, 2001) . Consistent with prior research, our first contribution is to show that RD activity is informative in explaining the unconditional and conditional cross-section of returns for a large sample of UK stocks over a ten-year period. Indeed, RD dominates BM as an explanatory factor for returns. The cross-sectional analysis also shows that both BM and firm size, defined as the market value of equity (ME), are associated with RD activity. French (1993, 1996) show that risk factors constructed on the basis of BM and ME are incrementally important beyond a market factor in explaining the time series of US portfolio returns. The cross-sectional association between RD and returns suggests the possibility that RD activity interacts with the Fama and French risk factors in explaining time series variation in returns. The second contribution of the present paper is to investigate this possibility. We document evidence that a modification of the Fama and French three-factor model, designed to capture RD activity, can considerably improve the performance of the three-factor model. The practical implications of this result are demonstrated with reference to industry-level risk premia estimated from single factor, three-factor and modified three-factor models.
The remainder of the paper is organized as follows. In Section 2 we review the relevant literature relating RD activity to expected returns and provide the motivation for the empirical analysis. In Section 3 we present the research design. In Section 4 we describe the sample and present the empirical results. Finally, Section 5 concludes.
Motivation
Previous research has identified two main reasons why research and development activity might be related to expected returns. First, a direct association between research and development activity and returns is predicted if the risk characteristics of RD investments are different from investments in physical assets. For example, RD benefits are often far from assured and are likely to materialize much later than benefits from investments in physical assets (Chan, Lakonishok and Sougiannis, 2001, p. 2432) . If RD investments have different risk characteristics, we expect that the inclusion of information on RD activity will improve the performance of models of expected returns.
A second potential link between expected returns and RD arises as a result of the accounting treatment of research and development expenditures (Chan, Lakonishok and Sougiannis, 2001, p. 2431) . 1 The conservatism principle underpinning financial reporting in both the UK and the US requires that most, if not all, RD spending be expensed. Empirical evidence for both the UK and the US supports the view that RD expenditure creates intangible assets (see, for example, Hirschey, 1982; Hirschey and Weygandt, 1985; Hall, 1993; Sougiannis, 1994; Lev and Sougiannis, 1996; Green, Stark and Thomas, 1996) . If the market recognizes the value of such intangible assets then ceteris paribus BM will be inversely related to the level of RD assets. This predicted association between BM and RD suggests that if expected returns are related to BM, this could, at least partially, be attributable to RD-related effects.
1 Theoretical models predicting an association between BM and expected returns also exist. For example, Berk, Green and Naik (1998) provide a model in which systematic risk dynamically evolves and variables such as BM and ME capture aspects of this dynamic process. BM captures the systematic risk of the firm's assets in place and ME captures the balance between assets in place and growth options. These effects are demonstrated via analytical methods and simulations. Sougiannis (1996, 1999) examine this issue empirically for the US in a cross-sectional framework. They show that the role of BM in explaining the crosssection of returns is reduced by the inclusion of estimated RD capital (expressed as a fraction of ME) as an additional explanatory variable in cross-sectional regressions similar to Fama and French (1992) . The relationship between RD capital and returns is positive and is particularly pronounced for firms with high levels of RD capital, where the BM effect becomes statistically insignificant. Chan, Lakonishok and Sougiannis (2001) confirm the positive relation between RD and returns for US firms. They find that returns increase with the ratio of research and development expenditure scaled by ME (RD/ME) for each of the three years subsequent to portfolio formation. This finding continues to hold after controlling for potential risk differences related to BE and ME, market risk and levels of short-term and medium-term performance in the period prior to portfolio formation.
There is no systematic published research relating RD activity to UK stock returns. Prior research on the cross-sectional determinants of UK stock returns shows that BM is the dominant variable explaining cross-sectional variation in UK stock returns (Chan and Chui, 1996; Strong and Xu, 1997) . ME is, at best, weakly associated with returns, after controlling for BM.
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Estimated CAPM beta does not appear to have explanatory power for the crosssection of UK stock returns. While the UK results relating to BM and beta are consistent with results for the US reported by Fama and French (1992) , the absence of a consistently significant size effect in the UK is inconsistent with the US results.
Given that UK and US evidence on the determinants of expected stock returns is inconsistent, our first contribution is to use UK data to investigate the robustness of the relation between stock returns and RD found in the US. Theoretical reasoning documented above leads us to speculate that RD activity interacts with other factors in explaining time series variation in stock returns. Our second and main contribution is to investigate whether a RD-related modification of the Fama and French three-factor model supports this speculation.
Research Design
The empirical analysis proceeds as follows. First, we examine the cross-section of expected returns conditional on the level of RD activity. We employ RD/ME as our proxy for research and development. One alternative considered is to estimate the stock of RD capital, based on RD expenditures in prior periods. Sougiannis (1996, 1999 ) estimate RD amortization rates based on the relation between earnings and lagged RD expenditure. RD capital is the unamortized balance of prior period RD expenditures. Chan, Lakonishok and Sougiannis (2001) approximate RD amortization using straight-line depreciation over five years. We use RD/ME as the proxy for RD activity for several reasons. First, estimation of RD capital imposes survivorship requirements on the data, resulting in a reduction of sample size. In this context we should also note that systematic disclosures of RD expenditure are only available for UK firms from 1990 onwards. As a consequence, reliable estimates of UK RD amortization rates and RD capital would be impossible to obtain for the full ten-year sample period. Second, Hall (1993) shows that for US firms using current RD expenditure as a proxy for research and development capital is superior to explicitly estimating research and development capital. Third, estimates of RD capital are highly correlated with RD expenditure for our sample. Using the estimation method in Chan, Lakonishok and Sougiannis (2001), we derived estimates of RD capital for the 1995-1999 period using RD expenditure data for 1990 onwards. For firms with RD data, we find that the Pearson and Spearman correlation coefficients between RD expenditure and estimated RD capital, both deflated by market value, exceed 0.95 in every year except one, when the Pearson correlation is 0.73. This suggests that the use of RD expenditures as a proxy for RD capital is reasonable in the UK context. Another possibility for the measurement of RD activity is to use the ratio of RD to sales. Here we note that Chan, Lakonishok and Sougiannis (2001) find that the relation between RD and subsequent returns is strongest when portfolios are formed based on RD/ME, rather than the ratio of RD to sales, again supporting RD/ME as a relevant measure of RD activity.
Similar to Chan, Lakonishok and Sougiannis (2001) , we examine monthly returns for equal-weighted portfolios based on RD/ME, where portfolios are formed annually.
3 All firms without reported research and development expenditures in any given year are combined to form one equal-weighted portfolio. We allocate all remaining firms to one of five equal-weighted portfolios based on the value of RD/ME. Portfolio assignments are based on RD expenditure data disclosed in the most recent financial statements available at the end of year t. We examine stock returns on RD portfolios formed in year t for the twelve months beginning in July of calendar year t + 1. Thus, for example, RD data for a firm with a financial year ending on 31 March 1990 is matched with returns realized over the period July 1991 to June 1992. 4 Additionally, we estimate 240 monthly cross-sectional regression models based on the following equation:
where R is the stock return in the relevant month in the interval July in year t + 1 to June in year t + 2; Beta is the stock's CAPM beta for firm-year t, estimated using returns for a minimum period of twenty-four months and a maximum period of sixty months ending in June of year t + 1, using the Dimson (1979) thin trading adjustment; ME is the market value of equity at the end of the June in calendar year t + 1; BM is the ratio of the year end book value of common equity and reserves for the financial year ending in calendar year t to the market value of equity at the end of December in calendar year t; and RD/ME is the ratio of research and development expenditure reported for the financial year ending in calendar year t to the equity market value at the end of December in calendar year t. The second stage of the analysis involves a simple modification of the Fama and French (1993) three-factor asset-pricing model to accommodate potential RDrelated effects. We estimate risk models for various portfolios described below, based on times series of 240 monthly observations. The three-factor mimicking portfolios identified by Fama and French (1993) include the excess return on the market portfolio (R m − R f ) and the returns on factor-mimicking portfolios for size (SMB) and book-to-market (HML). We define these portfolios as follows. (R m − R f ) is the difference between the return on the market and the risk-free interest rate, where the market return is defined as the value-weighted return on all the sample stocks. SMB and HML are defined as in Fama and French (1993) . Initially, six portfolios are formed according to size and then BM. Specifically, each year stocks are sorted into two size groups and three BM groups. Big stocks (B) are above the median market value of equity and small stocks (S) are below the median market value of equity. Stocks in the lowest thirty percent of firms ranked by BM are designated low BM (L), medium BM stocks (M) are in the middle forty percent and high BM stocks (H) are in the top thirty percent. Six portfolios are defined based on the intersections of the size and BM groups. These are S/L (small size/low BM), S/M (small size/medium BM), S/H (small size/high BM), B/L (big size/low BM), B/M (big size/medium BM), and B/H (big size/high BM). SMB then is the difference between the average of the returns on small firm portfolios, (S/L+S/M+S/H)/3 and the average of the returns on big firm portfolios, (B/L+B/M+B/H)/3. HML is the difference between the average of the returns on the high BM portfolios, (S/H + B/H)/2, and the average of the returns on the two low BM portfolios, (S/L + B/L)/2.
Our extension to the three-factor model introduces an additional instrument (RDMNRD) that captures within-BM group differences in the returns generating process between firms with RD activity and firms without RD activity. We partition each BM group (L, M and H) into two sub-groups comprising, respectively, firms with reported RD activity and firms without reported RD activity in the relevant year. The L, M and H sub-groups with RD expenditures are referred to as LRD, MRD and HRD respectively. Similarly, the L, M and H sub-groups with no reported RD activity in the relevant year are referred to as LNRD, MNRD and HNRD respectively. The RDMNRD instrument is defined as the difference between the average of the value-weighted with-RD portfolio returns, (LRD + MRD + HRD)/3, and the average of the value-weighted returns on the without-RD portfolios, (LNRD+MNRD+HNRD)/3.
We compare alternative factor models based on time series regressions of portfolio returns on factors as follows:
where R p − R f is the excess return on portfolio p relative to the risk-free interest rate. The single-factor CAPM assumes s = h = r = 0. The Fama and French (1993) three-factor model assumes r = 0. The RD-modified three-factor model imposes no restrictions on equation (2). If RD activity is associated with risk differences, or if RD activity is associated with the ability of SMB and HML to explain portfolio returns, then we expect RDMNRD to add to the explanatory power of the threefactor model. Similar to Lev and Sougiannis (1999) and Chan, Lakonishok and Sougiannis (2001), we use versions of model (2) to examine the time series association between the four factors and returns on portfolios sorted by RD/ME, including one portfolio comprising all firms where RD is zero. Further, we examine portfolios formed on the basis of a two-way sequential sort: first by BM and then by RD, including one zero-RD group. Subsequently, we examine a number of industry portfolios and use the approach recommended by Fama and French (1997) to estimate the risk premia for these portfolios using the three models.
Empirical Results

DATA
All data used in this study are collected from Datastream. The sample comprises all UK-listed non-financial firms in the Datastream active and research files with relevant data for any of the financial years ending 1990 to 1999. The beginning of the sample period is governed by the introduction of mandated RD disclosures in the UK in 1990.
5 Firms are included in the sample for year t if data are available on ME, the book value of equity and RD for the financial year ending in calendar year t, and if stock returns data are available for at least the twenty-four months prior to July of calendar year t + 1 and for some or all of the twelve months commencing in July of year t + 1. Table I describes characteristics of the sample. The distribution of the sample of 10,874 observations over the ten-year period 1990-1999 is reported in Panel A and the industry composition is presented in Panel B. Sample firms are drawn from a wide variety of industries and most industries contain both firms that report RD activity and firms that do not. Although RD activity is more prevalent in some industries (e.g., electronic and electrical equipment), on the basis of panel B there appears to be no reason for believing that RD activity serves merely as a proxy for industry membership in the UK. Table II reports descriptive statistics of the monthly returns for sample firms. The average of the reported means indicates that monthly returns averaged 1.18% Note: Return is monthly return (%). Beta is the CAPM beta computed using the Dimson (1979) methodology. BM is the ratio of book equity to market equity, RD/ME is the ratio of research and development expenditure to market equity and RD/S is the ratio of research and development expenditure to sales. All ratios are computed as at the end of year t. Portfolios are formed annually based on RD/ME. Portfolio 0 comprises all firms reporting zero RD for year t. Portfolio 1 (portfolio 5) comprises the lowest (highest) quintile of firms based on RD/ME.
over the sample period, equivalent to an annualized return of approximately 15%. Interest rates over the period from July 1991 to June 2001 averaged approximately 6.5% per annum. The realized market risk premium of approximately 8.5% per annum suggests that the sample period is not unusual.
THE CROSS-SECTION OF EXPECTED RETURNS
Panel A in Table III reports the mean values of monthly returns and other characteristics of six portfolios sorted by RD/ME − CAPM beta, ln(ME), BM, RD/ME and, to facilitate comparison with Chan, Lakonishok and Sougiannis (2001) , RD/Sales (RD/S). The table shows preliminary evidence of significant variation in expected returns conditional on RD/ME. When RD/ME is relatively high (portfolio 5), mean monthly returns are more than twice as high as for firms with a relatively low level of RD/ME (portfolio 1). Similar to the results reported in Chan, Lakonishok and Sougiannis (2001) , firms with no RD activity (portfolio 0) have higher returns than the three lowest RD/ME portfolios. Panel A of Table III also indicates that differences in CAPM beta cannot explain differences in expected returns across RD portfolios. However, it also shows that other potential determinants of expected returns do vary systematically across RD portfolios. Specifically, RD/ME is negatively associated with ME and positively associated with BM. This suggests that it is necessary to control for variation Table IV . Monthly cross-sectional regressions of returns on market value of equity, book-to-market equity and research and development-to-market equity (120 monthly regressions)
Model
Intercept ln(ME) ln(BM) RD/ME Note: Cross-sectional regressions are estimated month-bymonth based on equation (1):
The dependent variable is monthly return. BM is the ratio of book equity to market equity, and RD/ME is the ratio of research and development expenditure to stock price. All ratios are computed as at the end of year t. in ME and BM in attempting to establish whether RD/ME contains independent information relevant for estimating expected returns.
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For comparison purposes, we also examine the relationship between RD activity and stock returns using the portfolio approach in a number of different ways. First, panel B shows results based on portfolios sorted by RD/S. It reveals similar results to those in panel A, although the difference between returns on the lowest and highest RD portfolios is substantially lower than when portfolio assignments are based on RD/ME. 6 The results in Table III are qualitatively unchanged if returns are calculated starting six months after the financial year-end for each firm in any given portfolio. However, the returns calculated for portfolios using this method of matching do not necessarily represent the outcomes of an implementable trading strategy. 7 Further analysis of portfolios formed by sorting two ways, first on BM and then within BM portfolios based on RD/ME, reveals that RD/ME is not simply serving as a proxy for BM. Average returns vary markedly across RD/ME groups within BM portfolios. Nonetheless, average ME decreases across the RD/ME groups within BM portfolios, suggesting that the results could be caused by a size effect. Details are available from the authors on request.
In Table IV we summarize the results of estimating equation (1) as monthly cross-sectional regressions of returns on the logarithm of ME, the logarithm of BM and RD/ME. The reported t-statistics are based on standard errors estimated from the time series of the sets of 120 monthly regression coefficients following Fama and MacBeth (1973) . 8 Although the univariate regressions (models 1-3) indicate that returns are not significantly associated with ME over the sample period, there is significant association between returns and BM and RD/ME. When ME and BM are used in combination (model 4), the level of statistical significance of BM falls below the 5% level. Model 5 indicates that RD/ME is incrementally informative in explaining the cross-section of returns beyond ME and BM, at a significance level of better than 1%. The average values and significance of the coefficients on ME and BM in model 5 are similar to those in model 4. As a consequence, the only instrument to have clearly significant explanatory power for the cross-section of returns for the full period studied appears to be RD/ME.
We investigate the robustness of these results to time period and industry effects. First, the Fama and MacBeth methodology automatically controls for time period effects through the constant terms in the monthly regressions. When industry dummies are included in these regressions, only the coefficient on the Gas Distribution industry dummy is significantly different from zero. The coefficient on RD/ME remains positive, and significant at the 10% level, and the coefficient on BM is also positive and significant at the 5% level. If industry dummies are replaced by a variable representing the annual proportion of firms reporting RD activity in an industry, the results reported above are not altered in a qualitatively significant way. Second, if the data is pooled and equation (1) is modified to include annual time and industry dummies, all annual time dummies are statistically different from zero, all coefficients on the industry dummies are statistically indistinguishable from zero and both RD/ME and BM have positive and significant coefficients. Again, if industry dummies are replaced by a variable representing the annual proportion of firms reporting RD activity in an industry, the results reported above are not altered in a qualitatively significant way. If industry dummies are replaced in the pooled regression by a variable equal to the year-specific proportion of firms reporting RD activity in the firm's industry, the coefficients on RD/ME and BM are again positive and significant and the coefficient on the industry RD proportion variable is statistically indistinguishable from zero. In summary, the robustness checks suggest that the role of RD/ME in explaining the cross-section of returns is not wholly attributable to time and industry effects.
We also investigate the effect of substituting different measures of RD activity. When RD/S is used in place of RD/ME in the Fama-MacBeth (1973) regressions, it is not significant on a univariate basis, but it is significant when included with ln(ME) and ln(BM). Its degree of significance in the latter case is lower than for RD/ME. Similar results hold on a limited sample if we use the ratio of RD capital Figure 1 . t-statistics from month-by-month cross-sectional multivariate regressions of stock returns on ln(ME), ln(BM) and RD/ME starting from the 29th month of the sample period.
to ME or the ratio of RD capital to sales, based on the method employed by Chan, Lakonishok and Sougiannis (2001) for estimating RD capital. The results for RD capital to sales are slightly stronger than for RD/S because the ratio of RD capital to S is significant on a univariate as well as a multivariate basis. If we use either the change in RD/ME or the change in RD/S, this does not produce significant results on either a univariate or a multivariate basis. If the regressions reported on in Table V are run on RD firms only, results are qualitatively the same. If we use ln(RD/ME) on this sample, again the results are unchanged qualitatively. Further, neither ln(ME) or ln(BM) are significant in explaining the cross-section of returns for zero-RD firms.
However, it would be premature to conclude that size and BM are necessarily unimportant in explaining the cross-section of returns. Further analysis shows that the results summarized in Table IV are sensitive to the time period selected for time-series averaging. We estimate average coefficients and t-statistics for model 5 over successively longer sample periods, starting with the first twenty-nine months of our sample period and adding one month at a time, up to the maximum sample length of 120 months. Figure 1 shows the plot of the t-statistics obtained on this basis.
The figure shows that the coefficient on BM is uniformly positive and significant until late-1999, when a period of strong market decline began. In contrast, the coefficient on ME is always insignificant and often negative, until late-1999. Perhaps most strikingly, Figure 1 highlights the robustness of the significance of RD/ME in explaining returns. Irrespective of the sample period selected, the average coefficient on RD/ME is always positive and statistically significant.
9 In summary, Figure 1 confirms the importance of RD/ME as a determinant of the cross-section of expected returns. 9 If RD/S is used as the measure of RD activity, RD/S is always significant at the 5% level, although with lower t-statistics than for RD/ME. Note: R m − R f is the excess return on the market portfolio. SMB (HML) is the return on the factor mimicking portfolio related to size (book-to-market) defined as in Fama and French (1993) . RDMNRD is defined as follows. First, we partition each BM group (L, M and H) into two sub-groups comprising, respectively, firms with reported RD activity and firms without reported RD activity in the relevant year. The L, M and H sub-groups with RD expenditures are referred to as LRD, MRD and HRD respectively. Similarly, the L, M and H sub-groups with no reported RD activity in the relevant year are referred to as LNRD, MNRD and HNRD respectively. Second, RDMNRD is then defined as the difference between the average of the value-weighted with-RD portfolio returns, (LRD + MRD + HRD)/3, and the average of the value-weighted returns on the without-RD portfolios, (LNRD + MNRD + HNRD)/3. Table V summarizes the characteristics of the factors used to explain portfolio returns based on equation (2). Panel A reveals that RDMNRD has a mean return very close to zero. This is consistent with the results reported in Table III above where the average return for the zero-RD portfolio lies between the average returns for the third and fourth RD portfolios. We also note from panel A that the average return on the HML portfolio is close to zero, although there is considerable variation over time. Only R m − R f and SML have average returns significantly different from zero. Panel B of Table V reports the correlations between the four factors. Given the association between RD activity and ME and BM documented in Table III , it is not surprising to observe a significant degree of correlation between RDMNRD and SMB and HML. Nonetheless, none of the correlation coefficients are particularly large.
FACTOR MODELS OF RETURNS
Estimates of equation (2) suggest that adjustment of the Fama and French threefactor model to allow for RD activity can generate significant improvement in the ability of the three-factor model to explain portfolio returns. Table VI provides the results of estimating three-and modified three-factor models for each of the six portfolios formed on the basis of RD (i.e., the portfolio containing firms with no reported RD, and the five sorted RD portfolios based on RD/ME). Panel A of Table VI provides evidence that the Fama and French three-factor model incorporating SMB and HML factors explains between 49% and 89% of the time series variation in the returns on these portfolios. Explanatory power is lowest for portfolios comprising firms with relatively high levels of RD. The results in Panel B of Table  VI indicate that the modified three-factor model generally performs better than the Fama and French model in explaining portfolio returns. R 2 statistics increase for all portfolios, and particularly for the zero-RD portfolio where the RD factor loading is negative (as expected) and highly significant.
We interpret the result for the zero-RD portfolio as suggesting that the RD factor "cancels out" RD-related effects embedded in the other three returns factors. Comparison between panels A and B of Table VI shows that adding the RD factor decreases the loading on R m − R f and SML, while increasing the loading on HML. We will observe later that this is a consistent pattern for other sub-portfolios containing firms with no RD activity. The results are consistent with there being quite complex interactions between the RD factor and the other three factors, consistent with the correlations reported in Table V. As noted earlier, conservatism in accounting measurement causes negative correlation between BM and RD/ME. Thus, partitioning on the basis of RD activity also induces differences in BM across RD portfolios, potentially reducing the ability of the Fama and French factor model to explain returns across portfolios. To obtain a clearer understanding of the marginal impact of including the RD factor we examine the comparative performance of the three-and modified three-factor models in explaining the returns of portfolios formed on the basis of BM and then a secondary partitioning based on RD/ME. Thus, we investigate the properties of the excess returns of the six portfolios used in constructing the RD factor.
Table VII presents the results. Consistent with Table VI, the modified threefactor model characterizes returns better than the three-factor model, particularly when BM is high. The adjusted-R 2 statistic increases from 0.62 to 0.79 for portfolio HNRD and from 0.54 to 0.64 for portfolio HRD. The modified three-factor model reveals generally very consistent results. The HML factor is significant for all portfolios. The RD factor is highly significant in all cases. For portfolios comprising firms without RD activity (LNRD, MNRD and HNRD) the loading on RDMNRD Table VI Note: R m − R f is the excess return on the market portfolio. SMB (HML) is the return on the factor mimicking portfolio related to size (book-to-market) defined as in Fama and French (1993) . RDMNRD is defined as follows. First, we partition each BM group (L, M and H) into two sub-groups comprising, respectively, firms with reported RD activity and firms without reported RD activity in the relevant year. The L, M and H sub-groups with RD expenditures are referred to as LRD, MRD and HRD respectively. Similarly, the L, M and H sub-groups with no reported RD activity in the relevant year are referred to as LNRD, MNRD and HNRD respectively. Second, RDMNRD is then defined as the difference between the average of the value-weighted with-RD portfolio returns, (LRD + MRD + HRD)/3, and the average of the value-weighted returns on the without-RD portfolios, (LNRD + MNRD + HNRD)/3.
Table VII.
Regressions of excess returns for six BE/ME-RD/ME portfolios on R Note: R m − R f is the excess return on the market portfolio. SMB (HML) is the return on the factor mimicking portfolio related to size (book-to-market) defined as in Fama and French (1993) . RDMNRD is defined as follows. First, we partition each BM group (L, M and H) into two sub-groups comprising, respectively, firms with reported RD activity and firms without reported RD activity in the relevant year. The L, M and H sub-groups with RD expenditures are referred to as LRD, MRD and HRD respectively. Similarly, the L, M and H sub-groups with no reported RD activity in the relevant year are referred to as LNRD, MNRD and HNRD respectively. Second, RDMNRD is then defined as the difference between the average of the value-weighted with-RD portfolio returns, (LRD + MRD + HRD)/3, and the average of the value-weighted returns on the without-RD portfolios, (LNRD + MNRD + HNRD)/3. is negative and highly significant, as expected from Table VI . For these portfolios, the impact of modifying the three-factor model to include the RD factor is, as mentioned above, to decrease the loading on R m − R f and SML and to increase the loading on HML. In relation to the portfolios of firms with RD activity, the most marked improvement in explanatory power is observed for the HRD portfolio, where the adjusted-R 2 statistic increases from 0.54 to 0.64. The effects of adding in the RD factor on the factor loadings on R m − R f , SML and HML are reversed relative to the zero-RD portfolios.
In summary, the results from Tables VI and VII provide strong evidence that the Fama and French factors capture variation in returns that is associated with RD activity. They also indicate that a simply modification of the three-factor model is capable of improving the explanatory power of the three-factor model. 10 The improvement in explanatory power for zero-RD portfolios in particular is consistent with the RD factor canceling out RD-related effects embedded in the other three Fama and French factors.
INDUSTRY RISK PREMIA
To illustrate the implications of the findings in Tables VI and VII, we use the various factor model representations to estimate risk premia for portfolios of firms drawn from selected industries. Risk premia are estimated using ex post factor risk returns and factor loadings. Fama and French (1997) suggest that this simple method is reasonably competitive with other methods. The expected risk premium for a given portfolio p is defined as: Table V. 11 First, we examine industries having relatively large numbers of firms and where the frequency of RD activity is relatively low. We only consider zero-RD firms within these industries. The results are reported in Table VIII , panel A. With one exception (Retailers, General), the impact of the three-factor model relative to the CAPM is to substantially increase the estimated risk premium. The impact of introducing the RD factor is always to decrease the estimated risk premium relative to the three-factor model estimate, again by substantial amounts. Although not reported, the RD factor is always significantly negative in the modified three-factor model regressions, consistent with other results we have reported for zero-RD portfolios.
Given that E(RDMNRD) is effectively zero, the changes in estimated risk premia can only arise because inclusion of the RD factor reduces the loadings on the other factors (in particular, SMB and R m − R f , as discussed above for other zero-RD portfolios). For all industries in panel A, moving from the single-factor to the three-factor model increases the loading on the market factor and, with one exception, introduces a positive loading on SMB. These two effects produce an increase in the estimated risk premia. Moving from the three-factor to the modified three-factor model reduces the loadings on the market factor and on SMB for all the industries, thus reducing estimated risk premia.
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Second, we examine industries with large numbers of firms and with a reasonable balance between firms with RD and firms without RD. We examine estimated risk premia for portfolios of RD and zero-RD firms within industry groups. The results for the portfolios of firms with zero RD are shown in panel B of Table VIII . For the first four industries, the results are consistent with those in panel A. For the last two industries, the modified three-factor model has negligible impact relative to the three-factor model.
Estimated risk premia for portfolios of firms with RD within industry groups are reported in panel C of Table VIII. In general, the impact of the three-factor relative to the one-factor model is to increase the estimated risk premium by at least 2% (Health being the exception). The impact of the modified three-factor model relative to the three-factor model is only substantive for the first three industries.
Overall, the results reported in this sub-section suggest that modification of the French (1993, 1996) three-factor model to allow for differences in RD activity across firms can have a substantive impact. This is especially the case for the zero-RD industry portfolios studied.
Summary and Conclusions
In this paper, we present evidence that the cross-section of UK expected stock returns is positively related to RD activity. The association between returns and RD activity is significant even after controlling for ME and BM. The crosssectional results are consistent with intangible assets resulting from research and development activities having higher risk than tangible assets.
The results from time series analysis suggest that allowing for research and development activity in constructing factor models of returns can be important. The explanatory power of factor models generally improves after controlling for RD activity, particularly for portfolios of firms with no RD activity. This result can be explained by the three factors in the Fama and French model partially capturing effects associated with research and development activity. Inclusion of the RD factor effectively cancels out some of these effects. Overall, we believe that our results suggest that research and development is a relevant factor in modelling returns. Our illustrative analysis of industry portfolios indicates that estimated risk premia are very sensitive to factor model specification, especially for firms with no RD activity.
